One of the negative regulators of the PHO system of Saccharonyces cerevisiae, PHO85, has been isolated by transformation and complementation of a pho85 strain. The complementing activity was delimited within a 1258 bp DNA segment and this region has been sequenoed. The largest open reading frame found in this region can encode a protein of 302 amino acid residues. A pho85 mutant resulted from disruption of the chromosomal counterpart of the open reading frame described above. Therefore, we concluded that the gene we have cloned is PHO85. This result also indicates that PHO85 is nonessential. Northern analysis revealed that the size of the PHO85 message is 1.1 kb. No similarity was found between the putative amino acid sequences of two negative regulators, the PHO80 and PHO85 proteins.
INTRODUCTION
A shortage of available inorganic phosphate in the medium leads to depression of several enzymes or proteins included in the PHO system of Saccharomyces cerevisiae; they are repressible acid phosphatases (1,2), repressible alkaline phosphatase (3) and phosphate permease (4) . At least 5 regulatory genes have been identified in this system. PHO2 and PHO4 are positive regulators and PHO80 and PHO85 have negative functions. The PHO81 gene product, which is hypothesized as a mediator (5) , is believed to inactivate a negative factor(s). Recently, expression of PHO81 was found to be controlled by the PHO system (6) . According to our current model, positive factors play an essential role in the derepression of the structural genes. Negative factors exert their function by controlling the activity of positive factors at the protein level.
In order to examine the above model, it is necessary to characterize the regulatory proteins and the promoters of the structural genes whose expression is controlled by the PHO system. Two positive regulator genes, PHO2 (7) and PHO4 (8) , have been cloned and sequenoed. PHO81 has been cloned and its expression was analysed (6) . We have isolated one of the negative regulators,
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PHO80 (9) . "Hie promoter of the PHO5 gene, which is one of the structural genes encoding repressible acid phosphatase has been extensively analysed and its upstream regulatory region defined (10, 11, 12) . The PHO8 gene encoding repressible alkaline phosphatase has been cloned (13) and analysis of its promoter is underway (to be published elsewhere). In this communication, we describe the cloning and sequencing of another negative regulator, PHO85.
The codon usage of the putative PHO85 gene product shows characteristics of a gene expressed at a low level. No similarity was found between the PHO80 and PHO85 sequences in spite of the phenotypic resemblance of their mutants.
MATERIALS AND METHODS

Strains and plasmids
Saccharomyces cerevisiae DC5 (MATa PHO3 Ieu2 nis3), which is a generous gift of J.N. Strathem, was used as DNA source for the construction of a yeast gene library in YCpl9. An isogenic pair, YAT953 (MATa Ieu2 his3 pho3) and YAT954 (MATa Ieu2 his3 pho3), was used as the wild type strains. Transformants thereof were also used as described in the text. YAT1175 (MATa Ieu2 trpl ura3 pho3 pho85) was used as the host to clone the PHO85 gene.
Escherichia coli DH1 (14) (F~ recAl gyrA96 thi hsdR17 supE44 relAl) was used as a host strain in the construction and propagation of plasmids. JM103 (15) (Alac-pro supE thi strA endA hsdR4 sbcB15, F' traD36 proAB lacI and 2% glucose. High-Pi medium was prepared as described previously (1) . SD contained 0.67% Yeast Nitrogen Base without amino acid (DIPCO) and 2% glucose.
Nutrient broth, J>broth, and YT-broth were prepared as described (19) and used for bacterial cultivation. Tryptophan (20 ug/ml), uracil (20 ug/ml), Casamino acid (DIFCO) (0.5%), ampicillin (50 ug/ml), and tetracyclin (10 ug/ml) were added as appropriate. Solid media contained 2% agar.
Preparation of_ DNA Yeast genome DNA was isolated from the indicated strain by the rapid method (20) . Plasmid DNA was isolated from E. coli according to the method described by Birnboim and Doly (21) . Plasmid DNA was purified by CsCl-Ethidium bromide banding as necessary.
Detection of_ acid phosphatase activity Acid phosphatase activity of colonies was detected by the staining method described previously (22) .
Transformation
Yeast transformation was done by the lithium acetate method (23) . Competent cells of E. coli for transformation were prepared as described previously (24) .
Isolation of Poly(A)
+ -RNA Total KNA was extracted according to the method described by Jensen et al. (25) . Poly(A) -RNA was partially purified by oligo dT-cellulose column chromatography.
Determination of nucleotide sequences DNA sequences were determined by the dideoxy chain termination method (26) using a sequencing kit provided by Takara Shuzo Co. DNA segments to be Acid phosphatase activity of each colony was examined by the staining method.
Most of Ura transformants were stained red due to the pho85 mutation. Among approximately 5900 Ura transformants, we obtained 16 isolates which failed to be stained for acid phosphatase activity. Then, each transformant was cured of the plasmid by selecting Ura" colonies and again acid phosphatase production in High-Pi medium supplemented with Casamino acid, tryptophan, and uracil was tested. Two transformants became constitutive with respect to the Pno phenotype when the plasmid was lost. Therefore, these two transformants contained plasmids that were candidates to carry the PHO85 gene. Genomic DNA was isolated from each of these two transformants and used as donors for transformation of E. coli DH1 from Ap s to Ap r . Plasmids thus obtained were designated pNFl and pNF2. Introduction of either of these plasmids complemented the pho85 defect of YAT1175. Comparison of the restriction maps of these two plasmids revealed a camion region (Fig.l) . In a strict sense, the DNA segment which we cloned above contains a suppressor for the pho85 mutation. However, since it will later be proved that this gene is PHO85, we call the cloned gene PHO85. Subclones and deletion derivatives were constructed and tested for their PHO85 activity by introducing each of them into YAT1175. Data shown in Fig.l indicate that the complementing activity resides in the region encompassing the Xhol and EcoRI sites of the cloned DNA segment of pNFl. BamHI linkers were inserted at the indicated positions flanking the region of our interest without affecting the complementing activity. DNA sequence of the 1258 bp_ fragment containing the PHO85 gene Fig.2 shows the strategy for sequencing. The DNA fragments to be sequenced were inserted into an appropriate site of ML3mpl8 and fH3mpl9 and sequence determination was carried out by the dideoxy chain termination method (26) . Fig.3 shows the nucleotide sequence of the 1258 bp DNA fragment containing the PHO85 activity-The largest open reading frame begins with ATG at position 255 and ends with TAA at position 1161. The deduced ainino acid sequence is also shown in Fig.3 . Calculated molecular weight of the putative protein is 34,674. Godon usage of the PHO85 gene is summarized in Table 1 . Fig.6B, lane 3 ) , ts»ro bands, 2 kb and 3 kb, arose. This is also consistent with the previous map (Fig.l) .
CGGTrTGGCCCGTGCTTTCCCTATTCCGGTCAACACATTTTCAAGCGAAGTCGTAACGTTGTGGTACCGTGCTCCTGATGTGCTAATGGGTTCTAGGACG 600 G L A R A F G I P V N T F S S C V V T L W Y R A P D V L H G S R T TACI'CCACATCCAri'GATATATGGTCGTnTGGGTGCATTCTTGCGGAAATGATAACGGGTAAGCCTTTGTTTCCTGGCACCAACGACGAAGAACAACTGA 900 Y S T S I D I W S C G C I L A E H I T G K P L F P G T N D E E O L AArrGATCTTCGACATCATCGGCACTCCTAATGAGTCCCTATGGCCCAGTGTAACAAAGTTACCCAAATACAACCCAAATATCCAGCAACGACCACCAAG 1000 K L I F D I M G T P N C S L W P S V T K L P K Y N P N I Q Q R P P R AGACCTACGTrAAGTATTGrAACCACACACCAAAGAACCGCTAGACGGGAATrrCATGGATTTCTTACACGGACTCTTGCAACTTAATCCGGATATGAGG 1 100 U L R Q V L Q P H T K E P L D G N L H D F L H G L L Q L N P D M R
CTGAGCGCCAAGCAnGCTCTGCATCACCCTTGGTTTGCAGAGTACTACCACCACGCTTCATAACGCAGCCCGTCAGCGAAAAACCGTAGCCATGTATATA 1200 L S A K Q A L I 1 1 I P W F A E Y Y H I I A S • • • GCGTCGGGCAGTCGCTTTTTGGCATCGGTACATATAT TAATGATAATAATCATCTATAATACACTACTATTACTTTAGTCTCATCTTACGACAGC ATTACTATTA7TAGTAGATATTATGTCATGATAATGAAATCAGAGTAGAATGCTGTCG
From these results, we concluded that the PHO85 gene is a single copy gene.
Disruption of PHO85
1b prove that the gene we cloned is PHO85, the chromosomal counterpart
of the largest open reading frame in the cloned DNA segment of pNFl was disrupted and the phenotype of the disruptant was examined. For this purpose,a plasmid (pYU19) was constructed (Fig. 5) . pYU7 contains the 1. One clone (YYU2) was selected and the structure of the genomic DNA of YYU2 was analysed by Southern hybridization with the 1.8 kb P-labslled Hindlll yeast DNA fragment excised from pYU7 as a probe (Fig.6 ). One hybridization signal was seen in the lane containing the Hindlll digest of the DC5 DNA sample at the size of 1.8 kb, which is the same size as that of the probe, whereas hybridization was seen at 3.8 kb in the Hindlll digest of YYU2 DNA.
EcoRI digestion gave rise to two bands in both DNAs, however, the sizes found in YYU2 differed from those found in DC5. EcoRV digestion of the wild type DNA gave rise to one 8.1 kb band, whereas the lane containing the EcoEV digest of YYU2 gave rise to two hybridization signals; one is at 2.5 kb and another at 6.6 kb. This hybridization pattern can be explained by the predicted replacement of the Hindlll fragment of pYU19 for the chromosomal counterpart.
The constitutive transformant, YYU2, was crossed with the pho3 strain, YAT954. The resulting diploid showed a wild type phenotype. A diploid prepared by crossing YYU2 with a standard pho85 strain showed a constitutive phenotype; the mutation induced by the disruption did not complement the pho85 mutation. These results proved that the cloned gene is the PHO85 gene.
When the heterozygous diploids constructed above were sporulated and dissected Pho phenotype segregated 2:2 and the two constitutive clones were always slow growers.
To understand the regulatory mechanisms working in the PHO system, it is necessary to characterize the gene product of each of the regulatory genes at the molecular level. Cloned regulatory genes make such approach possible.
Data presented in this study, along with data obtained previously, will help test the validity of the model at the nolecular level.
